The mammalian retina contains six major cell types, several of which are divided into multiple molecularly and morphologically distinct subtypes. To understand how subtype diversity arises during development, we focused on amacrine interneurons in the mouse retina; ϳ30 amacrine subtypes have been identified in mammals. We used antibody markers to identify the two main amacrine subsets-GABAergic and glycinergic-and further subdivided these groups into smaller subsets based on expression of neurotransmitter and transcription factor markers. We then used bromodeoxyuridine (BrdU) labeling to see whether amacrine subsets are born (become postmitotic) at different times, as is the case for lamina-specified subsets of cortical projection neurons. We found that GABAergic amacrines are generated on average 2-3 days before glycinergic amacrines. Moreover, subsets of GABAergic amacrines are born at distinct times. We also found a strong correlation between amacrine cell birthday and soma position in the mature retina, another point of similarity with cortical projection neurons. This relationship raised the possibility that amacrine subtype identity is determined by signals that uncommitted cells receive after they migrate to their destinations. However, cells labeled with BrdU in vivo, then dissociated and allowed to develop in vitro, acquired the amacrine subtype-specific markers appropriate for their birthdays, supporting the idea that they become specified The mode of cell type diversification in the retina is currently thought to be most similar to that in cortex. Indeed, the six main retinal cell types have distinctive, though overlapping, birthdates (Harman and Beazley, 1989; Holt et al
MATERIALS AND METHODS Animals
Timed-pregnant mice (CD1 and C57/B6) were purchased from Charles River (Wilmington, MA) or were bred in our colony. The presence of a vaginal plug marked embryonic day 0 (E0), and the accuracy of the timing was verified by noting the day of birth, which was presumed to be 18.5 days from conception.
BrdU (Sigma, St. Louis, MO) was prepared in 10 mM Tris buffer, pH 7.4. Timed-pregnant female or mouse pups were injected subcutaneously in the neck with a single dose of BrdU (50 g per gram body weight). Mice were killed at postnatal day (P) 14 or 15 by an overdose of Nembutal (pentobarbital) injected intraperitoneally. We analyzed retinas from three to nine animals for each injected embryonic age (E8, E10, E12, E14, E17) and from two to four animals for each injected postnatal age (P0, P1, P3, P5, P6). For studies in vitro, pregnant females were injected with BrdU at E12 or E17, then pups were killed at P0. All analyses conformed to NIH guidelines and were carried out under animal protocols approved by the Harvard University Standing Committee on the Use of Animals in Research and Teaching.
Histology
Eyes were collected and fixed for 15-20 minutes in 4% paraformaldehyde (PFA), and then the cornea was cut along the ora serrata and the anterior part of the eye removed. The retina, preserved in the optic cup, was fixed for 30 -45 additional minutes in 4% PFA, incubated for 2 hours in 30% sucrose/PBS, frozen in Tissue Freezing Medium (Triangle Biomedical Sciences), and sectioned at 20 m in a cryostat.
Sections were incubated in PBS for 10 minutes at room temperature and 2 N HCl for 30 minutes at 37°C for antigen retrieval. After two 5-minute washes in 0.1 M sodium borate, pH 8.5, and a rinse in PBS, sections were incubated successively in blocking solution (3% donkey serum/0.3% Triton X-100/PBS) for 30 minutes at room temperature, primary antibodies overnight at 4°C, and Alexa-conjugated secondary antibodies (Molecular Probes, Eugene, OR) for 1-2 hours at room temperature. Sections were then washed thoroughly with PBS and coverslipped with Biomeda mounting media.
Antibody characterization
Primary antibodies used in this study are listed in Table 1 . The antibody to Brn-3a (Millipore, Bedford, MA) labels only retinal ganglion cells (RGCs) in retinas of several vertebrate species, including mouse (Gerrero et al., 1993; Xiang et al., 1995) . According to the manufacturer, it does not recognize Brn-3b or Brn-3c and does not stain tissue from Brn-3a knockout mice.
The antibody to Chx10 (Exalpha) stains retina in a pattern consistent with that reported previously (Elshatory et al., 2007; Liu et al., 1994) . According to the manufacturer, it recognizes only the expected 46-kDa band in a retinal lysate from adult mouse tissue.
The antibody to syntaxin-1 (HPC-1; Sigma) was produced against the crude membrane fraction of the rat hippocampus and identified as a specific marker of retinal amacrine cells (Barnstable et al., 1985) . It was shown to recognize syntaxin-1, a 35-kDa protein, by immunoblotting on membrane fractions of adult rat hippocampus, retina, and cerebral cortex by Inoue et al. (1992) . The staining pattern we observed was indistinguishable from that reported in previous studies (Li et al., 2004) .
The antibody to choline acetyl transferase (ChAT; Millipore) detects a single 68 -72-kDa band on immunoblots from mouse brain lysates (manufacturer) or rat muscle lysates (Brunelli et al., 2005) . It labels only cholinergic neurons in the striatum as shown by abrogation of staining following immunodepletion of cholinergic neurons (Kitabatake et al., 2003) . The staining pattern we observed was indistinguishable from that reported is previous studies (Elshatory et al., 2007) .
The antibody to neuropeptide Y (NPY; Bachem) has been used in studies of NPY knockout mice. It stains specific subsets of neurons in wild-type mice but not in NPY mutants (Ste.
Marie et al., 2005).
The antibody to tyrosine hydroxylase (TH; Millipore) stains retina in a pattern identical to that reported previously (Haverkamp and Wassle, 2000) . According to the manufac-turer, it recognizes a single band at approximately 62 kDa on the rat cell line PC12 lysates.
The antibody to glutamate decarboxylase (GAD65/67; Millipore) recognizes products of both the GAD65 and the GAD67 genes. It stains retina in a pattern similar to that reported for other antibodies to the same antigen. According to the manufacturer, it recognizes only the expected doublet at 65-68 kDa on Western blots of mouse brain lysates, and immunohistochemical is abolished by preincubation with corresponding immunogen peptide (Millipore; AG252).
The antibody to the glycine transporter 1 (GlyT1; Millipore) stained retinas in patterns indistinguishable from those reported in previous studies (Rice and Curran, 2000) . In brain, it stains in patterns corresponding to those described from in situ hybridization with probes to GlyT1 mRNA. According to the manufacturer, preabsorption of the antibody with the immunogen peptide completely abolishes the immunostaining on tissue sections from rat central nervous system. The antibody to VGlut3 (Millipore) stains brain in patterns corresponding to those described from in situ hybridization with probes to VGlut3 mRNA. This staining pattern also coincides with the described distribution of immunoreactivity obtained with other VGlut3 antisera (Fremeau et An antibody to the Ebf transcription factors was generously provided by R. Reed (Johns Hopkins University; Davis and Reed, 1996) . The authors showed that the antibody stains in patterns corresponding to those obtained by in situ hybridization. The antibody cross-reacts with Ebf-3 and may crossreact with Ebf-2, which had not been identified at the time when the antibody was generated (R. Reed, unpublished). We therefore refer to this antibody as anti-Ebf.
For all primary antibodies, features pointed out as positive staining were not seen in the absence of the primary antibody. Secondary antibodies were obtained from Jackson Immunoresearch (West Grove, PA) or Molecular Probes.
Cell culture
Retinal cells were cultured by using the protocol described by Lefebvre et al. (2008) . Briefly, P0 retinas were dissociated with papain and plated onto poly-D-lysine-coated eight-well Permanox chamber slides (Nunc) in Neurobasal supplemented with brain-derived neurotrophic factor (BDNF) and B27. Cells were cultured for 9 days, with a change of medium at 5 days, then fixed with 4%paraformaldehyde/4% sucrose for 15 minutes and immunostained.
Cell counting and statistical analysis
Sections through and near the optic nerve head were used for analysis. Images were taken in central retina, approximately 500 m from the optic nerve head, and in the periphery, approximately 500 m from ora serrata. To estimate population sizes for each amacrine subset, we counted only the amacrines in central sections. This may explain why some data in Table 2 differ from the data of Jeon et al. (1998). Abercrombie's correction factor was applied for each count, taking into account the mean nuclear diameter for each subtype of amacrine cell (Guillery, 2002) .
Retinal sections were double or triple immunostained with antibodies against BrdU and markers of interest, and the percentage of marker-positive cells also positive for BrdU was determined for each time point. BrdU-positive nuclei were followed and counted in each optical section of the confocal images to identify cells undergoing their last S-phase during the time when BrdU was available. We estimate, based on published work, that BrdU is available for approximately 2-3 hours following injection (Packard et al., 1973) . The statistical significance of differences among subtypes at each time point were determined by Student's t-test for means, performed on the raw data as well as on the normalized and cumulative values. Cumulative curves were further analyzed by calculating a 90% confidence interval for each time point. Young, 1985b) , the tails of the birthdating curves may be shorter than our estimates here, so separation among later-born subsets may be greater than shown.
To estimate soma position, we divided the inner half of the inner nuclear layer (INL), where amacrines reside, into thirds; we then counted the number of nuclei for each subset in each region. This division was based on the approximate thickness of the inner nuclear layer, which in central retina consists of about six rows of cell nuclei, the innermost three containing mostly amacrine cells and the outermost containing mostly bipolar and horizontal cells. The advantage of this method, as opposed to directly counting the row of nuclei, is that it does not require that sections be perfectly perpendicular to the inner nuclear layer. Counts were done on sections labeled with the subset marker and a nuclear marker, TO-PRO3 (633-nm excitation; Molecular Probes). We calculated a weighted average of these positions to find the mean row for the soma position of each subset.
All sections were imaged on an Olympus FV1000 scanning confocal microscope or a Zeiss LSM 5 Pascal confocal microscope with a step size of 1 m. Images were analyzed in the FV or Pascal software and ImageJ (National Institutes of Health, Bethesda, MD). The brightness and contrast of the images presented here were adjusted in Adobe Photoshop CS2; no other digital image processing was performed on the fluorescence micrographs.
RESULTS

Amacrine cells are born over a protracted period
Previous studies have documented birthdays of the main retinal cell types in several species (see the introductory paragraphs), but few data are available on mice (Sidman, 1961; Young, 1985a) . Moreover, cells have generally been identified based on their nuclear position and morphology, which is prone to error. We therefore began this study by using wellestablished molecular markers to birthdate the three cell types with the largest number of subtypes in mouse retinaamacrine cells, bipolar cells, and RGCs. Syntaxin-1 is a panamacrine cell marker (Inoue et al., 1992; Inoue and Akagawa, 1993), Chx10 labels bipolar cells (Burmeister et al., 1996) , and Brn3a tags the majority of RGCs in postnatal retina (Xiang et al., 1995) . Syntaxin-1 also labels horizontal cells, but they can be easily distinguished from amacrine cells based on their position in the retina.
Pregnant females or pups were injected with BrdU at one of 10 time points between embryonic day (E) 8 and postnatal day (P) 6, and were allowed a long survival time to dilute the BrdU label from continuously dividing cells. This method preferentially labels cells that undergo their final S-phase at the time of injection (see Materials and Methods). Animals were sacrificed at P14 -15, a time when nearly all cells have differentiated and the markers that we used are expressed at adult levels. We double-stained retinal sections with antibodies against BrdU and the marker of interest and determined the percentage of marker-positive cells in central retina that was also BrdU positive ( Fig. 1A-C) .
As shown in Figure 1D , RGCs were born between E8 and E17, with a peak around E11; amacrines were born between E8 and P5, with a peak around E 16; and bipolars were generated between E17 and P6, with a peak around P2. These results are consistent with previous work on mouse retina (Sidman, 1961; Young, 1985a) (Strettoi and Masland, 1996) . To identify these amacrine populations, we used antibodies to the glycine transporter GlyT1 and to the GABA synthetic enzymes GAD65 and GAD67, in parallel with syntaxin-1, the pan amacrine marker ( Fig. 2A,B) . We found that anti-GAD65/67 and anti-GlyT1 label large (>40% of syntaxin-1 ؉ amacrines) mutually exclusive populations of amacrine cells (Fig. 2C , Table  2 ).
GABAergic (GAD65/67 ؉ ) and glycinergic (GlyT1 ؉ ) amacrine cells were born in overlapping but distinct waves (Fig. 3) . The genesis of GABAergic amacrines reached a peak at about E14, whereas the genesis of glycinergic amacrines peaked at about birth (Fig. 3A) . Overall, there is an approximately 3-day interval between the ages at which 50% of GAD65/67 ؉ and GlyT1 ؉ amacrines have become postmitotic (Fig. 3B) , and their genesis accounts for most if not all of the amacrine birthdating interval.
Distinct birthdays of GABAergic amacrine subsets
Glycinergic and GABAergic amacrine cells are both heterogeneous groups. Our observation that they are born at distinct times raised the question of whether there are only two waves in amacrine genesis or whether these two waves can be subdivided further. To address this issue, we used additional markers to distinguish sub-subsets of amacrine cells. These included antibodies to neuropeptides ( The coincidence of these two markers was not noted previously, probably because the expression of NPY is developmentally regulated, as seen by comparing Figures 4A (which shows a P7 retina) and 4C (which shows a P14 retina). At P7, NPY levels are high in starburst amacrine cell bodies and processes; its levels decrease in starburst processes but are retained by amacrine cell bodies and the processes in S1 at P14. By 3 months of age, NPY is barely detectable in any amacrines (data not shown).
We determined the birthdates of ChAT ؉ and NPY ؉ amacrines and compared them with those of GABAergic amacrines. Both ChAT ؉ and NPY ؉ cells were generated at the beginning of the GABAergic wave (Fig. 5A ). Significant numbers of both populations (20 -30%) were postmitotic at E10, when less than 5% of the GABAergic amacrines had been born, and ϳ90% were postmitotic by E14, when only ϳ50% of GAD65/67 ؉ amacrines had been generated ( (Fig. 5C) . Finally, THimmunoreactive amacrines, which have been reported to be GABAergic in mice and other species (Haverkamp and Wassle, 2000; Wulle and Wagner, 1990), were born within the GAD65/67 wave, but later than the NPY ؉ subset (Fig. 5) . Thus, much as with the main retinal neuron types and the large amacrine subtypes, sub-subtypes of GABAergic neurons appear to possess distinct birthdays.
We also asked whether subsets of the glycinergic amacrine cells are born at distinct times. This study was less conclusive, because there are fewer known definitive markers for glycinergic amacrine subsets. The two markers that we used, Vglut3 and pan-Ebf, do indeed label glycinergic subsets (Fig.  4D-F) ; however, each marker also labels some GlyT1-negative amacrines. Antibodies to Disabled-1, which marks the wellcharacterized glycinergic AII amacrines (Rice and Curran, 2000), did not label tissue that had been treated with HCl, as required by the BrdU staining protocol. We therefore calculated separately the birthdates of the innermost row of GlyT1 ؉ subsets precede the curve of the glycinergic amacrines generally (Fig. 5D) , sug- 
Centrifugal gradient of amacrine birthdates
Retinogenesis proceeds in a centrifugal manner: the birth of retinal neurons starts in the center and spreads radially, reaching the periphery with a delay of 2-3 days in rodents (Rapaport et al., 2004; Young, 1985a) . We asked whether the center to periphery gradient of genesis is a general property of amacrines, or whether subsets differ in the spatial dynamics of their production. To this end, we compared the birthdates of the seven amacrine subsets described above in central retina (data in Figs. 3, 5 ) with birthdates in peripheral retina. For all eight types, cells in the periphery were born later than those in the center (Fig. 6A) . Moreover, the delay from center to periphery was similar for all subsets, so the sequence of birthdates in central retina was maintained in peripheral retina (Fig. 6D) .
Relationship of amacrine birthdates and soma position
In some parts of the vertebrate central nervous system, such as cerebral cortex, neuronal birthday in the ventricular zone is related to the soma position in the mature tissue (see the introductory paragraphs). In retina, by contrast, such a relationship has not been obvious: ganglion cells and cones are both born early but end up at opposite poles within the retina; likewise, horizontal and amacrine cells are both born earlier than bipolars, which eventually lie between them (Young, 1985a). We asked whether subsets of amacrine cells might exhibit a more regular relationship between their birthday and soma position than do the fundamentally different neuronal types.
Amacrine cells, in general, occupy the inner half of the inner nuclear layer and make up three or four rows of cells (Fig. 7A) . There are also amacrines displaced to the ganglion cell layer. Immunostaining showed that somata of distinct amacrine subsets differ systematically in position (Fig. 7B-D) . For example, somata of ChAT ؉ and NPY ؉ amacrines are present in both the inner nuclear and the ganglion cell layers (as shown previously for ChAT ؉ amacrines), whereas TH ؉ and GlyT1 ؉ amacrines are confined to the inner nuclear layer. Within the inner nuclear layer, somata of most ChAT ؉ and NPY ؉ amacrines are adjacent to the inner plexiform layer, whereas Ebf ؉ somata are closer to the outer plexiform layer (Fig. 7E-K) .
We tested the idea that the characteristic location of amacrine subtypes can be explained by their birthdates. If this hypothesis is true, then there should be a regular relationship between the time of cell cycle exit and laminar position within the inner nuclear layer and ganglion cell layer. To address this question, we calculated the mean position of BrdU ؉ , syntaxin-1 ؉ amacrine cells following injections at six time points (see Materials and Methods). This analysis revealed a strong linear relationship between position and birthdate (r 2 ‫؍‬ 0.91), with the earliest-born amacrines tending to occupy the ganglion cell layer and innermost positions within the inner nuclear layer, whereas later-born cells were more distal (Fig.  7L) . Thus, as in cerebral cortex (Molyneaux et al., 2007) , there is a systematic relationship between amacrine birthday and amacrine soma position, although the direction of the relationship differs between these two tissues (see Discussion).
We also analyzed our data on birthdates of amacrine subsets to ask whether the soma position of each subset was correlated with the subset's birthdate. Indeed, the time at which 50% of a given population became postmitotic (see Fig.  6D ) was strongly correlated with the final location of that subset's somata along the proximal-distal axis ( Fig. 7M; r 2 ‫؍‬ 0.86).
As a final test of the idea that cell body position is correlated with birthdate, we took advantage of the fact that NPY ؉ and ChAT ؉ amacrines are present in both inner nuclear and ganglion cell layers. For both subtypes, the amacrines in the ganglion cell layer were born before those in the inner nuclear layer (Fig. 7N,O) . Together, these results demonstrate that amacrines are born in a basal-to-apical gradient, and, as a result, later-born amacrine subsets reside more distally within the inner nuclear layer. We also asked whether there is a relationship between the birthdates of amacrine subsets and the laminae in the inner plexiform layer where their processes arborize, but no obvious correlation could be established (data not shown).
Subset specification in dissociated retinal cultures
The observation that birthday is related to both soma position and subset identity raises the question of how these attributes are related to each other. On one hand, subset identity could be determined by factors that act as or soon after amacrines exit the cell cycle. In this case, birthday would affect identity and soma position independently. Alternatively, subset identity could be determined by factors that amacrines encounter at their destination. In this case, birth order could determine destination, perhaps by a passive "stacking" mechanism, and destination could in turn influence identity. To distinguish these possibilities, we labeled dividing cells with BrdU as described above but then dissociated them before they accumulated cell-type-specific markers. We asked whether the relationship between birthday and subtype identity was maintained when all amacrines differentiated in a uniform setting and all spatial information was lost.
We injected pregnant females with BrdU on embryonic days E14 or E17. The total number of amacrine cells generated at these two times is similar (Fig. 1D) , but the subtype frequency differs: more NPY ؉ than GlyT1 ؉ cells are born at E14, the opposite is true at E17, and similar numbers of GAD65/67 ؉ amacrines are born at both times (Figs. 3, 5 ). Retinas were dissociated at P0, before they expressed NPY or GlyT1 at detectable levels (data not shown). Cells were cultured for 9 days, then immunolabeled for NPY, GlyT1, or GAD65/67 (Fig.  8B-D) . In each case, cells were also stained for syntaxin-1, the pan-amacrine marker, and for BrdU, to label cells exiting the cell cycle at E14 or E17. We then counted the percentages of BrdU-positive amacrine cells labeled with one of the subsetspecific markers and compared these values with those obtained in vivo.
Results are shown in Figure 8E -H. If cells acquired their fate before P0, a larger fraction of NPY ؉ cells would be BrdUpositive when the label was delivered at E14 than when it was delivered at E17, based on results from in vivo studies. Alternatively, if these cells acquire their fate after P0, they would all receive the same information in vitro, so the fraction of NPY cells that is BrdU-positive would be similar whether BrdU was delivered on E14 or E17. In fact, many NPY ؉ cells were BrdUpositive when label was delivered at E14, but no NPY ؉ , BrdU ؉ double-positive amacrines were detected following delivery of label at E17, indicating that NPY cells are specified before P0. Conversely, in the same cultures, more GlyT1 ؉ cells were labeled by BrdU at E17 than at E14, consistent with their late birth in vivo and with the hypothesis that subset fate is specified before P0. We also stained for GABAergic cells, which are born in roughly equal numbers at E14 and E17; as expected, similar numbers of GAD65/67 ؉ cells were BrdU positive after labeling at E14 and E17. Thus, for all three populations assayed, the results in vitro match those in vivo: despite being deprived of spatial cues during the period when they acquired subtype-specific features, amacrines born at each age made fate choices appropriate to their birthdays.
DISCUSSION
The many dozens of neuronal types that make up the vertebrate nervous system, for example, motoneurons in the spinal cord, Purkinje cells in the cerebellum, and sensory neurons in dorsal root ganglia, are only the tip of a large iceberg: many major types can be subdivided into dozens of subtypes, distinguishable by position, structure, and function. In only a few cases do we have any insight into how these subtypes diversify as they develop, and these so far reveal little commonality. Morphogens with graded distributions along the dorsal-ventral and rostrocaudal axes of the spinal For reasons detailed in the introductory paragraphs, we favored the possibility that amacrines of different types might be specified by factors acting at or soon after the time when their unspecified progenitors become postmitotic. For this scheme to be valid, different amacrine subtypes would have to be born during distinct intervals. To test this idea, we began with the conventional subdivision of amacrines into GABAergic and glycinergic groups. In general, GABAergic amacrines in mammalian retinas have large broad dendritic arbors, suited to mediate lateral interaction, whereas glycinergic amacrines have narrow arbors that span multiple inner plexiform sublaminae and appear to mediate interlaminar interactions (Vaney, 1990) . We found that GABAergic amacrines are born 
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The Journal of Comparative Neurology 747 AMACRINE SUBTYPE BIRTHDAYS significantly prior to glycinergic amacrines (Fig. 3) (Fig. 5) . Thus, amacrine subsets, including sub-subsets of the GABAergic class, have distinct yet overlapping birthdates. These results suggest that mechanisms operating within progenitors to diversify amacrines may be similar to the mechanisms that generate diversity at the main cell type level (Livesey and Cepko, 2001 ). Available markers did not allow us to obtain equally clearcut results for subsets of glycinergic amacrines. 
Relationship of amacrine birthday to soma position
We asked whether amacrine birthdate varies systematically with retinal position. The center-to-periphery gradient observed for the main retinal cell types (Hu and Easter, 1999; Young, 1984 ) also applies to subsets of amacrine cells. Moreover, the sequence in the production of different subtypes is similar in central and peripheral retina (Fig. 6) . More interesting was an unexpected relationship of birthday to soma position along the apical-basal axis (Fig. 7) . This relationship was apparent by three measures. First, the location of BrdU ؉ amacrine cells within the inner nuclear layer was correlated with their birthdate. Second, the mean birthdate of each subset was correlated with the mean position of its somata. Third, within the ChAT ؉ and NPY ؉ subsets, displaced amacrines in the ganglion cell layer were born before those in the inner nuclear layer (see also Lee et al., 1999) . Together, these results reveal a systematic relationship between the time at which an amacrine cell is born and the position to which it eventually migrates.
The relationship between birthday and soma position in retina is reminiscent of that documented for projection neurons in cerebral cortex (Leone et 
Relationships of amacrine soma position to subtype identity
The existence of a systematic relationship between soma position and subtype identity raised the question of whether subtype identity is determined by influences acting on newborn neurons or whether neurons migrate to appropriate destinations and then encounter spatially deployed extrinsic factors that determine their identity. For cortex, this question was answered by elegant transplantation experiments, which showed that neurons have acquired the information needed to migrate to appropriate layers and acquire subtype-specific properties by the time when they complete their final mitosis (Leone et al., 2008; McConnell, 1985) . Such transplantation experiments are infeasible in retina, so instead we asked whether the relationship between birthdate and subtype identity would be manifest when amacrines were dissociated and cultured in a uniform environment soon after they were born and before they had acquired subtype-specific markers.
In fact, relative birth orders for three subtypes (NPY-positive, GABAergic, and glycinergic) were preserved under these conditions (Fig. 8) . It is likely that some NPY-positive cells had migrated to the nascent inner nuclear layer before dissociation, so we cannot exclude the possibility that local cues triggered a program of differentiation that was then executed in vitro. In contrast, many GABAergic and most glycinergic amacrines reach their destinations only postnatally. Indeed, it is likely that few cells labeled by BrdU at E17 had reached their destination by P0. Thus, for glycinergic cells, our results provide strong evidence that subtype identity is acquired prior to reaching their destination and quite possibly while they (or their progenitors) still reside in the neuroblast layer.
Together . Extrinsic signals then specify cell fate within the range to which the progenitor is restricted. Likewise, the sequential generation of amacrine subsets and their birthdateappropriate differentiation in vitro suggest that a similar model applies to them. The accessibility of the retina and the growing set of molecular labels available for amacrine subsets recommend this system for elucidation of principles that may be applicable to the less accessible cortex.
